Deep learning (DL) can effectively handle explosive data and solve the complicated nonconvex problems. Recently, it is used to reduce the overhead of channel state information (CSI) feedback and improve the performance of the limited feedback massive MIMO systems. However, the complex wireless environment and the high-dimensional data of massive MIMO channel degrades the performance of the DL based codebook design. To address this issue, we propose a deep clustering (DC) based codebook design for massive MIMO systems. At first, deep neural network (DNN) learns the key propagation characteristics of the wireless channel according to the training model. And then, the clustering algorithm outputs the centroids of each key propagation characteristic, which can be used to reconstruct the valid space of massive MIMO channel. Finally, massive MIMO codebook is constructed by the valid space. Since the amount of the key propagation characteristics are far less than the dimension of massive MIMO channel, the proposed design can significantly simplify the parameters and the structures of DNN. Moreover, the clustering algorithm output the information with minimum sum-distance with the real channel sequences which can acquire the maximum sum-rate of massive MIMO codebook design. The robustness of the proposed codebook design is validated by carrying out extensive simulation in various scenarios and antenna array structures. Simulation results consist with theoretical analysis in terms of the achievable rate, and demonstrate that the proposed codebook design outperforms the traditional schemes.
I. INTRODUCTION
Massive multiple-input multiple-output (MIMO) is one of the key enablers to improve data rates in 5G wireless transmission systems [1] . For the transceivers with a large amount of antenna elements, the accuracy of channel state information (CSI) is critical to obtain the beamforming gains and the spatial multiplexing gains [2] . The codebook based limited feedback is most common used method to acquire CSI, where the receiver only feeds back the index of the best MIMO weight vector from a predetermined codebook to the transmitter.
A. PREVIOUS WORK Some codebook designs for massive MIMO systems are investigated based on the characteristics of MIMO The associate editor coordinating the review of this manuscript and approving it for publication was Guan Gui . channel. By exploiting the sparsity of channel representations in the angle domain, massive MIMO codebooks are obtained by compressing the channel matrices to a lower dimension [3] - [6] . Considering that the angle of arrival (AoA) and the angle of departure (AoD) are non-uniform in angle-domain, authors in [6] design the MIMO channel representation as the overcomplete dictionaries. The AoD-adaptive subspace codebook quantizes the channel gains in a more accurate way with the assumption that the AoD information remains invariant in an AoD coherence time [7] . In [8] , an adaptive codebook is designed based on the instantaneous CSI, where the size of codebook only scales linearly with the rank of channel correlation matrix.Therfore, these conventional codebook designs highly depend on the statistical property.
Emerging techniques of wireless transmission, the antenna arrays are configurable and the transmission strategies are more flexible. For two-dimensional antenna arrays, the codebook is produced by the Kronecker-product of the azimuth codebook and the elevation codebook from two independent feedback processes [9] . For the co-polarized uniform rectangular array structure, a new double codebook is proposed. The whole long-term properties are represented by the Kroneckerproduct of the two orthogonal directions correlation matrices [10] . In sum, the codebook design needs to cater to various wireless environments and antenna array structures of massive MIMO systems.
Deep learning (DL) based approaches are expected to solve CSI feedback problem effectively [11] - [22] . A deep neural network (DNN) obtained channel estimation and AoD estimation by employing off-line and online training to learn the statistics of the wireless channel and the spatial structures in the angle domain in [12] . In [14] - [16] , conventional neural networks (CNN) at the receiver learned the channel sparsity structure from training samples and transformed CSI to a near-optimal number of codewords. Accordingly, the CNN at the transmitter recovered codewords to CSI. And in [17] , deep neural networks (DNN) exploited uplink CSI to recovery the downlink CSI according to the channel reciprocity. In [18] , a convolutional long short-term memory network (ConvLSTM-net)-based deep learning method is proposed for predicting the DL-CSI from the uplink channel state information (UL-CSI) directly. In futher, exploiting the temporal and frequency correlations of wireless channels, the modified neural network structure invokes a long short-term memory module to further reduce the amount of training data and CSI feedback overhead in [22] .
However, DL based codebook design requires neural networks with complicated structure and large amount of training data for massive MIMO systems. Our prior works proposed K-means clustering based codebook design in [23] , where large amount of CSI is collected as the input data and finally clustered into N centroids while maintaining the sum of the difference between the centroid and the real channel information is minimal. For the large scale antenna array, the performance of the clustering degrades as the dimension of CSI data increases. Moreover, the similarity metric of the clustering algorithms should be different in various wireless environments. In this paper, we propose a K-clustering plus deep learning codebook which could adapt to the complex and changing wireless environments and significantly improve the performance of clustering for massive MIMO systems.
B. CONTRIBUTION
Deep clustering (DC) integrates the deep learning with the clustering algorithms to learn the features of data and clustering the input data in a feature space for easy separation [21] - [23] . DC can reduce the dimension of dataset and acquire clustering-friendly representations without manual manipulation. Therefore, we propose a novel DC based codebook design for massive MIMO systems. The contributions are summarized as follows:
• We propose a DC codebook design which can adapt to complex wireless environments and various antenna array structures. In the first phase, large amounts of CSI are stored as the input data of the DNN, and then DNN learns to the key propagation characteristics of wireless channel according to the training model. In the second phase, the clustering algorithm outputs the centroids of each propagation characteristics whose sum-distance is minimum with the real channel sequences. And then the valid spaces for massive MIMO channels are constructed according to the centroids. Finally, a codebook is generated from the valid space.
• After the clustering algorithm outputs the centroid of each key propagation characteristic, we fuse all centroids to build a full space. In order to further reduce the dimension of the full space and the feedback overhead, we remap the channel sequences into the full space and delete the invalid space with low appearance probability. After this process, we apply the valid space to construct massive MIMO codebook.
• At last, the performance of the proposed DC based codebook design is analyzed in both theoretical analysis and simulation experiments. Specifically, the theoretical analysis proves that the achievable rate of our codebook method is higher than the traditional ceodebook designs. Extensive simulations are carried out to compare the sum rate of the proposed clustering plus deep learning codebook design with that of traditional design methods, and then we observe that the proposed codebook design outperforms the conventional DFT schemes in arbitrary propagation environments and antenna array structures. The remaining parts of this paper are structured as following. Section II provides the description of the system model and channel model. Section III introduces the problem description and section IV illustrates specifics of the proposed solution. The simulation results are discussed in section V. Concluding remarks are presented in section VI.
Notations: Vectors are defined by boldface small letters, while matrices are noted by boldface capital letters; superscripts (·) T , (·) H and · represent transpose, Hermitian and the Frobenius norm operator, respectively. Also, ⊗ and C m×n are denoted as the Kronecker product and the vector space of all m × n complex matrices. Furthermore, E[·] is given as the expectation operator.
II. SYSTEM MODEL AND CHANNEL MODEL A. SYSTEM MODEL
We consider a downlink single cell massive MIMO communication system, in which a base station (BS) equipped with N t antennas simultaneously communicates with K singleantenna users. The transmission data is preprocessed by a precoding matrix w, which is chosen from the codebook according to the Precoding Matrix Indicator (PMI). As such, the transmitted signal of the k-th user x k is calculated as: x k = ws k , where s k is the signals intended for k users. We assume that the signal power is normalized as
is the expectation operator and I is the identity matrix. Thus, the received signal of the k-th user can be written as
where h k denotes the N t × 1 channel sequence from BS to the k-th mobile user, n k ∼ CN (0, σ ) is an additive Gaussian white noise vector with independent and identical distribution (i.i.d). Considering the power constraint of the transmitter, we take w 2 = 1. The codebook C = c 1 , c 2 , c 3 , . . . . . . , c 2 B is shared by both the transmitter and the receiver, as shown in Fig. 1 . The transmitter transmits the reference signals of the CSI measurement, and the receiver selects a precoding vector w among N = 2 B codewords according to the following selection criteria.
With the limited feedback strategy, the receiver feeds back the index of the corresponding codeword to the transmitter. Based on the index, the transmitter chooses the precoding matrix w from the codebook C and generates the transmitted signals with the selected w. Different from traditional codebook design methods, DC based codebook design will exploit the DC processing unit to analyze the statistical characterizations of CSI and construct the codebook based on the representative values of the statistical characterizations.
B. CHANNEL MODEL
We consider both uniform linear array (ULA) and uniform rectangular array (URA) of antennas at the BS. We adopt the classical narrowband ray-based channel model [27] , [28] . For a ULA of antennas, the downlink channel sequence can be expressed as
where P k is the number of dominant paths from the BS to the k-th user, g k,i is the complex gain of the i-th path of the k-th user, which is assumed to be i.i.d. with zero mean and unit variance, and θ k,i is the AoD of the i-th path of the k-th user. The antenna array response a(θ k,i ) can be calculated as
where d is the antenna spacing at the BS and λ is the wavelength of the carrier. For a URA of antennas with N t 1 horizontal antennas and N t 2 vertical antennas, the downlink channel matrix can be expressed as
The array response a(ϕ k,i , θ k,i ) can be expressed as
where ϕ k,i and θ k,i are the azimuth and elevation AoDs of the i-th path of the k-th user, respectively. We denote the concatenation of channel vectors for all K users as
III. PROBLEM FORMULATION
Assume that the feedback overhead N = 2 B is unchanged, the task of this paper is to design a proper DC-based codebook for the massive MIMO communication system. With limited feedback strategy, the achievable rate of the k-th user R k is written as
where γ is the transmit power, and the precoding matrix w is selected from a codebook C. Hence, matrix w k can also be written as c k . Eq. (8) can be rewritten as
The achievable rate is a function of c k ∈ C. Hence, a quantizer can be designed such that the average of the achievable rate is maximized. In other words, the achievable rate of any user, any time and any position can be enhanced by the reasonable codebook design in the corresponding scenario environment. Thus, the maximum of average achievable rate can be obtained by solving the following constraint optimization problem as
Eq. (10) can be rewritten as
Denote the difference between the statistical channel informationḢ and the real channel information as d H,Ḣ = H −Ḣ . We observe that the codebook design method achieves higher sum rate for smaller d H,Ḣ . Maximizing the average rate can be achieved by minimizing the average distance as
Therefore, in the following, we will address the optimization problem and propose the efficient codebook design, which minimizes the sum-distance from the real information to the statistical channel information.
IV. DEEP-CLUSTER BASED HIERARCHICAL CODEBOOK DESIGN
As the wireless channel are complex and changing in the massive MIMO systems, the DC based codebook design should be capable to learn the propagation characteristics of wireless channels timely. And also, the codebook design should be adapting to different antenna array structures (such as planar array, dual polarized array, and uncertainty array, etc.). At last, the DL algorithm needs to efficiently analyse the high-dimensional data of massive MIMO channel information.
To address these challenges, we propose a DC based codebook design for the massive MIMO systems. We firstly introduce the main idea of the proposed DC based codebook design. Then, we introduce the detail of the proposed algorithm. Finally, we provide the mathematical analysis of the performance.
A. MAIN IDEA
In the proposed codebook design, DNN networks could learn the key propagation characteristics of CSI and the clustering algorithms acquire the cenroids of the corresponding characteristic, respectively. Specifically, the proposed DC based codebook design is operating in the following three phases, as shown in Fig. 2 .
• In the first phase, the DNN model can learns and predicts the key propagation characteristics of the wireless channels from a large amount of off-line collected channel sequences. And then, the trained DNN model is able to predict the propagation characteristics based on the online channel sequences.
• In the second phase, K-means clustering algorithm outputs multiple centroids with the minimum sum-distance to the real channel sequences. To get a more accurate description of the wireless channel and reduce the feedback overhead, after fusing all centroids to be a full space, we construct the valid space according to the mapping probability.
• In the third phase, massive MIMO codebook is generated according to the valid space since it is closest to the real channel by fusing the key propagation characteristicss.
B. DEEP CLUSTERING BASED CODEBOOK DESIGN
In this section, we explain the process of the proposed codebook design in detail.
1) PHASE 1: THE EXTRACTION OF THE KEY PROPAGATION CHARACTERISTICS
As mentioned above, the high-dimensional CSI data of massive MIMO channel will impair the efficiency of clustering algorithms. Moreover, the similarity measures and separation VOLUME 7, 2019 techniques of clustering algorithm are different in various wireless environments. To reduce the dimension of input data and more easily analyze the channel sequences, the DNN is used to extract the key propagation characteristics of wireless environment before the clustering processing.
a: DNN STRUCTURE
Specifically, the DNN is used to identify the key propagation characteristics, such as channel gains, delay, azimuth angle and elevation angle. The prediction process is governed by a functionÂ = f s (H, ), whereÂ represents the unknown propagation characteristics, H denotes the received channel sequences, is the weights of the DNN and f s (·) is the sigmoid function.
We choose a fully connected DNN with L layers, including one input layer, L − 2 hidden layers, and one output layer. The final outputÂ of the DNN is the cascaded nonlinear transformation of the channel sequence H. Specifically,Â can be calculated aŝ
The training process of the DNN is performed through two steps.
• Training Sets Generation:
We generate the training set with several training samples. Each training sample consists of the channel sequences H and the corresponding propagation characteristic sets A, (e.g. channel angle and gain). The user estimates and stores a large amount of CSI, and periodically feeds the stored CSI back to the BS as the training samples. The training samples of θ and g can be acquired based on the channel sequences H.
• DNN Training:
The target of the DNN is to train the optimal parameters of weight matrix to minimize the mean square error between the training data A and the network prediction A, the loss function is defined as following
In each iteration, the DNN model successively computes the gradient of loss function to all network parameters, and updates the values of with gradient descend algorithm. The above training process continually adjusts all network parameters to minimize the value of loss function until convergence.
c: ON-LINE DNN WORKING
To learn the important characteristics of complex and changing wireless environment, the channel sequences H of multiple users is fed back periodically to the DNN. Finally, the DNN model outputs the propagation characteristicŝ A = â 1 ,â 2 , · · · · · · ,â q T , where q represents the number of propagation characteristics.
2) PHASE 2: THE CONSTRUCTION OF THE VALID SPACE
According to the key propagation characteristics generated by DNN, the K-means algorithm is applied to obtain the centroids as the representative of the corresponding propagation characteristics. A full space fusing is constructed from all centroids. To further improve the feedback efficiency, the valid space is generated according to the mapping probability.
a: CLUSTERING ALGORITHM OF THE KEY PROPAGATION CHARACTERISTICS
In the follows, we take the q-th characteristicâ q as an example to illustrate the clustering process, which is same with the other characteristics.
• Initialization:
To exploit the channel information and accelerate the convergence of the clustering algorithm, chosen N uniform centroids in the range of the q-th characteristicâ q = {â q,1 , . . . ,â q,i , . . . ,â q,I } as the initial centroids t q = {t q,1 , t q,2 , . . . . . . , t q,N }, whereâ q,i is the i-th data samples of the q-th characteristic, I is the number of data samples, t q,l is the l-th centroid of q-th characteristic, and N is the number of clusters.
• Clustering based on each characteristic:
According to the nearest neighbor rule, each data object is associated to the closest centroid. In detail, the data objectâ q,i is assigned to the l-th cluster, while the distance from the i-th elementâ q,i to the l-th cluster centroid t q,l is smallest. It can be formulated as
where d â q,i , t q,l = â q,i − t q,l 2 , then associateâ q,i
into Cluster q,l * that represents the l * -th cluster ofâ q . After all data objects are assigned, the centroids are updated according to the centroid condition that the object with the minimum sum-distance is selected as the new centroid of each cluster. For the l-th cluster of the q-th characteristicâ q , we can show that t q,l = arg min t q,l ∈Cluster q,l â q,i ∈Cluster q,i d â q,i , t q,l , ∀i, j, (16) where Cluster q,l represents the l-th cluster ofâ q .
Repeat the clustering process until the objects and the centroids of each cluster keep unchanged. Finally, we obtain N centroids t q of the q-th characteristicâ q . Then, repeat this algorithm for all propagation characteristics, the centroids set can be obtained and expressed as T = t 1 . . . . . . , t q T . The process of clustering is summarized in the following algorithm.
b: VALID SPACE CONSTRUCTION
After clustering, the centroids are generated whose sum distance is minimum to the real channel sequences. Therefore, the codebook based on centroids is expected to maximize the average achievable rate for any user, any wireless environment or any antenna array structure. As the result. we exploit all centroids to build the full space which is by the fusion of the key propagation characteristics. To further reduce the dimension of full space and the feedback overhead, we remap the channel sequences of massive MIMO channels into the full space and delete the invalid space whose mapping probability is lower than a predetermined threshold. Specifically, the valid space can be obtained in the following steps:
Algorithm 1 Clustering for the Propagation Characteristics
Input: All propagation characteristics generated by DNN:Â = â 1 ,â 2 , · · · · · · ,â q T .
Output: The final centroids: T = t 1 . . . . . . , t q T .
1:
Define N samples of the q-th propagation characteristic as the initial centroids, written as:
whereâ q,i ∈â q . 3: According to the nearest neighbor rule, if l * = min l∈N d â q,i , t q,l , then associateâ q,i into Cluster q,l * . 4: Update the centroid of each cluster according to the centroid condition t q,l = arg min t q,l ∈Cluster q,l â q,i ∈Cluster q,i d â q,i , t q,l , ∀i, j .
5:
Repeat steps 3 and 4, until the centroids of the q-th characteristic remain unchanged. The final centroids remark as: t q = {t q,1 , t q,2 , . . . . . . , t q,N }. 6: Repeat steps 1 to 5, until the centroids of all propagation characteristics are obtained:
• Construct the full space: First, the dimension of the full space is determined by the key propagation characteristics. And then each coordinate axis represents one propagation characteristic and the key values in this coordinate axis are marked by the centroids of the corresponding characteristic. For example, the two-dimensional coordinates are expressed as t 1,1 , t 1,2 , · · · · · · , t 1,N and t 2,1 , t 2,2 , · · · · · · , t 2,N , as shown in Fig. 3 (a) . The full space is composed by all key propagation characteristics v = {v 1 · · · · · · v r · · · · · · }, where v r represents the r-th subspace.
• Generate the valid space: As the real channel sequences do not traverse all the combinations of the key propagation characteristics, we reconstruct the valid space to reduce the feedback overhead. The mapping probability of all subspace can be calculated as: [p (v 1 ) , · · · · · · , p (v r ) , · · · · · ·], where p (v r ) represents the mapping probability of r-th valid space. Here the mapping probability for the subspace v r is defined as The subspace is deleted if the corrsponding mapping probability is smaller than a threshold value β. At the end of the loop, we can obtain the valid spacē v = {v 1 ,v 2 , · · · · · ·v N } as shown in Fig.3 (b) , to construct the codebook of massive MIMO system.
3) PHASE 3: CODEBOOK CONSTRUCTING
To enhance the robustness of proposed design scheme, we consider different codebook design methods in the massive MIMO system. We will illustrate the codebook construction scheme in the number of key propagation characteristics.
a: 1-th SCHEME
Angle characteristic is essential for the codebook design in both related or uncorrelated channel environment. Particularly, in the case of strong channel correlation, the codebook structure only needs angle characteristics. Thus, we apply the angle characteristic to interpret the codebook construction of a single propagation characteristic. DFT-based codebook design based on the centroids will illustrate the process of codebook construction in detail. Each codewords c 1,i is generated by the centroid of the angle characteristic. The codebook can be written as C 1 = [c 1,1 , c 1,2 , . . . . . . , c 1,N ] , where the entries of C 1 is
According to the centroids, the angle based codebooks can be written as
b: 2-th SCHEME When channel is uncorrelation, both the gain characteristic and angular characteristic should be used in codebook design. VOLUME 7, 2019 Based on the valid spacev = {v 1 ,v 2 , · · · · · ·v N }, each codeword is constructed by both x-axis component and y-axis component as
c: 3-th SCHEME For the dual-polarized channel, the sub-codebook design is first carried out by using the horizontal and elevation angles, respectively, the Kronecker product is then applied to obtain the final codebook.
where t 1,i and t 1,j represent the horizontal and elevation angles, respectively. The main procedures can be illustrated in the algorithm 2.
Algorithm 2 Valid Space Construction and Codebook Design Constructing
Input: The final centroids t θ = {t θ,1 , t θ,2 , · · · · · · , t θ,N } t g = {t g,1 , t g,2 , · · · · · · , t g,N } Output: The deep-clustering based codebook C 1: Built the two-dimensional space according to the angel characteristic and gain characteristic. And then mark the centroid t θ and t g in the x-axis and y-axis, respectively.
2:
Construct the full space and define all combination as a subspace v = {v 1 · · · · · · v r · · · · · · }. 3: Calculate the mapping probability of all subspace: p (v r ) = p (h k ) p (v r |h k ), h k ∈ H . 4:Delete the subspace with mapping probability smaller than β. 5:The valid space is expressed asv = {v 1 ,v 2 , · · · · · ·v N }. 6:Generate the codeword corresponding tov for different scenarios.
C. PERFORMANCE ANALYSIS OF THE PROPOSED DEEP CLUSTER CODEBOOK
In this subsection, we analyze the performance of the proposed DC codebook design method in massive MIMO system. We calculate the rate gap between the perfect CSI and the proposed feedback technique based on the deep clustering codebook.
Ideally, the perfect precoding vector,denoted by c ideal , can be acquired and the corresponding achievable rate R ideal is
And the rate gap, defined by R = R ideal − R, can be written as
For the second codebook design scheme described in last subsection, E.q. (20) can be rewritten as
The rate gap can be minimized as
Due to the channel model Eq. (7), the above equation E.q. (25) can be described as
Since the proposed codebook is designed based on the channel information whose sub-distance is minimum with the real channel sequences, the rate gap between the ideal case and that of the design is minimized.
V. SIMULATION RESULTS
In this section, the sum rate of the proposed DC based codebook scheme is presented in various scenarios and with different antenna array structures. We also compare the sum rate of proposed DC based models with the conventional DFT algorithm [29] , Kronecker algorithm [30] and perfect CSI. For both training and testing, we randomly generate CSI matrices based on the channel model in Eq. (3). The mean angles of AoD are set to be ϕ = ϕ 0 + ϕ, where ϕ 0 is a constant that is randomly selected within [0, ϕ BW ] and the angle spreads are set as ϕ. ϕ is randomly selected from [0, ϕ BW ]. The angle spread ϕ BW is the parameter distinguishing the different channel distribution. In the simulations, the angel range of the traditional DFT codebook construction is π . Correspondingly, when ϕ BW equals to π 6 or π , it means non-uniform channel scenarios and uniform channel scenarios respectively. In the simulations, the traditional DFT codebook is constructed according to the AoD uniformly generated within π. Fig. 4 compare the achievable rates of the proposed DC based codebook scheme with different numbers of spatial lobes P and antennas N t , respectively. Since a spatial lobe represents a set of multipath components with similar angles and different delays. Therefore, the number of spatial lobes affects the accuracy of the alignment direction. It can be seen from Fig. 4 that the system performance in the case of higher antennas outperforms that of other cases with lower antennas, which implies that introducing larger antennas in the proposed codebook scheme can elevate the performance in the massive MIMO system.
A. THE PERFORMANCE EVALUATION OF CODEBOOK IN ULA
To evaluate the performance of the proposed DC based codebook scheme under different angle spreads, Fig. 5 , Fig. 6 , and Fig. 7 present the achievable rates of codebook based on various angle spreads in massive MIMO systems over various number of transmitting antennas N t such as 32, 64 and 128, respectively. And the comparing methods in each figure include the proposed DC based scheme, DFT scheme and Krodect scheme. Moreover, the cases with perfect CSI is also compared for performance analysis.
As each subfigure shown in Fig. 5, Fig. 6 and Fig. 7 from (a) to (c), it is noticeable that for these three angle spreads, the achievable rates are increases as the SNR increases from -30dB to 0 dB. Meanwhile, in comparison of our proposed DC based codebook scheme as well as DFT scheme and Krodect scheme, the achievable rate for each different transmitting antennas number outperform against these two schemes. Such as the shown in Fig. 5 (a) , and Fig. 5 (b) , as the angle spread increase, the performance gaps between the proposed codebook schemes and the traditional codebook schemes are more obvious. It owes to the fact that under the same settings, the proposed DC based codebook scheme is more suitable for the current channel environment, which is difficult from the traditional codebook schemes. Furthermore, the performance in uniform scenario is shown in Fig. 5 (c) . From which,we canobserve the proposed codebook schemes could achieves the same performance curve. Thus, these results in line with expectations prove the reasonability and validity of our proposed DC codebook methods.
Compare Fig. 5 (a) , Fig. 6 (a) and Fig. 7 (a) . We observe that, for the same angle spread and the different numbers of transmitting antennas, the proposed DC based codebook scheme slightly outperforms the traditional codebook schemes. More importantly, as the number of antenna increases, the performance of the proposed scheme becomes better. That is, the increase in the number of antenna does not affect the performance of the system, which satisfies our design target. And, from subfigure in Fig. 5, Fig. 6 and Fig. 7 from (a) to (c), we can find the performance gaps between the proposed scheme and the traditional schemes are more obvious as the angle spread decreases. This simulate result proved the fact that in various and changing wireless environments the codebook based on DC could learn the statistics of the wireless channel.
B. THE PERFORMANCE EVALUATION OF CODEBOOK IN URA
Under the URA, when the antenna elements in the horizontal direction and the elevation direction are independent of each other, the codebook of the URA can be obtained by Kronecker product of these two independent codebooks.
To illustrate the performance of the proposed DC codebook scheme on the URA, the perfect CSI, the krodect scheme and the DFT scheme were added for comparison. In Fig. 8 (a) , Fig. 8 (b) and Fig. 8 (c) , the achievable rate of DFT and krodock codebook schemes are compared with our proposed DC based codebook schemes for URA channel over massive MIMO systems. As it can be observed from the figures, krodect based codebook yields the worst performance while full CSI yields the best performance among the all considered methods. Achievable rate of the DC based codebook methods is between krodock algorithm and full CSI algorithm for each SNR values. Among these three schemes, the DC based codebookscheme presents better performance than the DFT scheme and the krodect scheme, with being the closest curve to full CSI. For example, in Fig. 8 (a) , at the SNR value of -5 dB, the achievable rate of full CSI, proposed method, DFT and krodect are approximately 6.3 (bits/s/Hz), 6 (bits/s/Hz), 5.7 (bits/s/Hz), and 4.2 (bits/s/Hz), respectively, which is because the codebook based on clustering algorithm can learn the statistics of the wireless channel to guarantee the performance of CSI feedback in various and changing wireless environments.
VI. CONCLUSION
In this paper, we proposed a deep clustering based codebook scheme for massive MIMO systems. It integrates the deep learning with the clustering algorithms used for the codebook design.Specifically, the DL learns the key features of CSI and the clustering algorithms acquires the statistic information of the corresponding features. The proposed DC based codebook scheme can simplify the parameters of channel by suing the structures of DNN. Moreover, the clustering algorithm guarantees the performance of CSI feedback in various and changing wireless environments since it can learn the statistics of the wireless channel. Simulation results consist with theoretical analysis in terms of the achievable rate, and demonstrate that the proposed codebook design outperforms the traditional schemes.
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